The aims of this study were to investigate the influence of different spatio-temporal conditions of palpation stimulus on occurrence of referred pain/sensations in healthy participants.
Introduction
Muscle pain is difficult to localize and often referred to regions remote from the muscle regions (1) . Local pain is defined as pain located to the source of pain, referred pain is defined as pain felt in a different region or structure away from the source of pain (2) . Although several studies have proposed mechanisms for referred pain (3) (4) (5) , the actual processes underlying referred pain in the orofacial area have yet to be clarified. Despite this the extensive convergence of afferent input from various tissues onto wide-dynamic range neurons and central sensitization is believed to be crucially involved (6) .
Our previous study investigated referred pain/sensations evoked by three different mechanical stimuli applied to the masseter muscle in healthy participants and demonstrated that referred pain/sensations in the orofacial region is a frequent phenomenon among healthy individuals during standardized palpation of the masseter muscle (7) . However, our previous study did not clarify the relationship between occurrence of referred pain and duration of the palpation stimulus. Furthermore, there are remaining questions about potential mechanical sensitivity site-to-site differences within the masseter muscle. To clarify the relationship between mechanical sensitivity and referred pain in the orofacial area, identifying possible duration-, site-and/or intensity-dependent relationships with local pain in the masticatory muscles appears to be essential for clinical examination and diagnostic procedures.
Indeed, the establishment of optimal stimulus intensities and durations for standardized palpation of the masseter muscle to cause referred pain may be useful for diagnosing myofascial pain in the masseter muscle. Understanding the mechanical sensitivity of the masseter muscle may also help in a better understanding of the mechanisms of referred pain related to the masseter muscle. The hypothesis of the present study was that referred pain/sensations and mechanical sensitivity of the masseter muscle were not only intensity-dependent but also duration-dependent from standardized palpation of the masseter muscle. The aims of this study were to investigate the influence of different spatio-temporal conditions of palpation stimulus on occurrence of referred pain and/or sensation in healthy participants.
Materials and Methods

Participants
This study investigated a total of 32 healthy volunteers(16 men, mean(±standard deviation(SD))age 24.6±3.8 years;
16 women, mean age 26.8±6.4 years)with no ongoing pain in the face or any other reported chronic pain in the last 3 months, no medical history of systemic disease; no pregnancy, no medications, and no orofacial pain or temporomandibular pain symptoms as assessed using the DC/TMD(8).
The Danish translation of the DC/TMD was used to rule out presence of a TMD in healthy participants. The study 
Results
NRS scores
Mean pain NRS scores were 13.4±10.9 using a duration of 2 s, 15.4 ± 12.4 with 5 s duration, and 19.9 ± 14.3 palpating with 10 s when using 0.5 kg stimulus intensity.
Mean pain NRS scores were 24.2±15.1 using a duration of 2 s, 31.6±16.6 with 5 s duration, and 38.3±17.1 palpating with 10 s when using 1.0 kg stimulus intensity. Mean pain NRS scores were 49.9±17.4 using a duration of 2 s, 54.6± 18.0 with 5 s duration, whereas it was 62.5±19.2 using 10 s when using 2.0 kg stimulus intensity.
Mean unpleasantness NRS scores were 6.0±8.9 using a duration of 2 s, 8.2±12.1 with 5 s duration, and 11.0±12.9 palpating with 10 s when using 0.5 kg stimulus intensity.
Mean unpleasantness NRS scores were 11.3±13.2 using a duration of 2 s, 16.8±16.9 with 5 s duration, and 23.3±17.4 palpating with 10 s when using 1.0 kg stimulus intensity.
Mean unpleasantness NRS scores were 31.2±19.7 using a duration of 2 s, 38.1±22.5 with 5 s duration, whereas it was 48.0±23.4 using 10 s when using 2.0 kg stimulus intensity ( Fig. 2A and B) . Table 1 shows the statistical outcome and interactions between factors for NRS scores. Overall, there were significant differences in pain and unpleasantness NRS scores were seen between duration of the palpation stimulus, stimulus intensity, and test site (P < 0.05, 3-way ANOVA). Unpleasantness NRS scores for a 10 s palpation stimulus were significantly higher than for 2 s palpation stimulus when using 1.0 kg and 2.0 kg stimulus intensities (Fig. 2B) (P < 0.05, Tukey post hoc). The interactions between duration x intensity and intensity x test site (P < 0.05, 3-way ANOVA)with regard to NRS pain and unpleasantness were also significant. However, there were no other significant interactions (P > 0.05, 3-way ANOVA) with regard to NRS pain and unpleasantness. The location of the highest pain NRS scores for 2 s palpation stimulus were site 3, site 9, and site 9 when using 0.5 kg, 1.0 kg and 2.0 kg stimulus intensity, respectively. The location of the highest pain NRS scores for 5 s palpation stimulus were site 9, site 9, and site 3 when using 0.5 kg, 1.0 kg and 2.0 kg stimulus intensity, respectively. The location of the highest pain NRS scores for 10 s palpation stimulus were site 3, site 9, and site 6 when using 0.5 kg, 1.0 kg and 2.0 kg stimulus intensity, respectively.
Referred pain/sensation
Referred pain/sensations were evoked in 3.1% of healthy participants(n = 1/32)for 5 s palpation stimulus and in 6.3% of healthy participants(n = 2/32)for 10 s palpation stimulus when using 0.5 kg stimulus intensity. Referred pain/sensations were evoked in 6.3% of healthy participants(n = 2/32) for 5 s palpation stimulus and in 18.8% of healthy participants (n = 6/32) for 10 s palpation stimulus when using 1.0 kg stimulus intensity. Furthermore, referred pain/sensations were evoked in 6.3% of healthy participants (n = 2/32)for 2 s palpation stimulus, in 18.8% of healthy participants (n = 6/32) for 5 s palpation stimulus and in 31.3% of healthy participants(n = 10/32)for 10 s palpation stimulus when using 2.0 kg stimulus intensity (Fig. 3) . In an individual analysis of the participants that had referred pain/sensations, referred pain/sensations were evoked in 10 of the healthy participants when palpating for 10 s using a 2.0 kg stimulus intensity. Of those 10 participants, 60%(n = 6) also experienced referred pain/sensations with 5 s palpation using 2.0 kg. Referred pain/sensations were evoked in 5 of the 10 using 10 s/1.0 kg, in 2 of the 10 participants using 2 s/2.0 kg or 5 s/1.0 kg or 10 s/0.5 kg.
Finally, 1/10 experienced referred pain/sensation using 5 s/0.5 kg. The areas of referred pain/sensations elicited by the 0.5 kg stimulus intensity was the mandible region(3.1%; n = 1) for 5 s palpation stimulus and the temporal and mandibular region(3.1%; n = 1)for 10 s palpation stimulus.
The areas of referred pain/sensations elicited by 1.0 kg stimulus intensity were the orbital region(3.1%; n = 1)and lower teeth (3.1%; n = 1) for 5 s palpation stimulus. The areas of referred pain/sensations elicited by 1.0 kg stimulus intensity were the temporal region (9.4%; n = 3), lower teeth (3.1%; n = 1), orbital region (3.1%; n = 1), and mandible region (3.1%; n = 1) for 10 s palpation stimulus.
The areas of referred pain/sensations elicited by the 2.0 kg stimulus intensity were the temporal region(6.3%; n = 2) for 2 s palpation stimulus, the temporal region(9.4%; n = 3) for 5 s palpation stimulus, and the temporal region(15.6%; n = 5)for 10 s palpation stimulus (Table 2) . stimulus when using 1.0 and 2.0 kg stimulus intensities(P < 0.05, McNemarʼs; Fig. 3 ).
Discussion
The main findings in this study were that: 1)a positive correlation existed between the duration of the palpation stimulus and occurrence of referred pain/sensations at each stimulus intensity; and 2) a positive correlation existed between the duration of the palpation stimulus and pain and unpleasantness NRS scores at each stimulus intensity.
Moreover, a prominent finding was that stimulus site did not show any specific relation to the occurrence of referred pain/sensation.
Some studies have suggested that referred pain represents a combination of central sensitization, convergence of sensory nerve inputs from multiple sites, changes in secondorder neuron connectivity, and descending facilitation in the central nervous system (4-6, 13). Castrillon et al. (14) reported that a 2.0 kg stimulus intensity applied to the masseter muscle would be sufficient to elicit a painful sensation. The present results showed that mean pain NRS scores were in the non-painful range for 0.5 and 1.0 kg, whereas mean pain NRS scores were in the painful range for 2.0 kg, supporting previous findings (14) . The results also 14 Int J Oral-Med Sci 17(1):9-17, 2018 Fig. 3 . Comparison of the number of participants with referred pain/sensations between durations of palpation stimulus at each stimulus intensity. The number of participants with referred pain/sensations elicited by 10 s duration of palpation was significantly higher than by 2 s duration of palpation when using 1.0 kg and 2.0 kg stimulus intensities( # P < 0.05, McNemarʼs test). Table 1 Statistical relationship of factors for NRS scores P-values from ANOVA testing differences in mean pain NRS scores and unpleasantness NRS scores for the three mechanical stimulus intensities with the following factors: duration of palpation stimulus(3 levels), stimulus intensity(3 levels), and test site(15 levels).
suggested that the 2.0 kg stimulus intensity is not suitable for clinical palpation of masseter muscles and the results indicated that 1.0 kg stimulus intensity is appropriate to use in DC/TMD for masseter muscle. Table 2 Area of referred pain/sensations at each stimulus intensity The most common areas for referred pain/sensations were the mandibular region at 5 s, and the temporal and mandibular region at 10 s when using 0.5 kg. The most common areas for referred pain/sensations were the orbital region and lower teeth at 5 s, and the temporal, lower teeth, orbital, and mandibular region at 10 s when using 1.0 kg. The most common areas for referred pain/sensations were the temporal region at 2 s, the temporal region at 5 s, and the temporal region at 10 s when using 2.0 kg. stimulus and occurrence of referred pain/sensations at each stimulus intensity. Of the three stimulus intensities, 2.0 kg was the only stimulus intensity to produce pain NRS scores around the pain threshold. According to Mense (15) In conclusion, the present study showed that referred pain/sensations were time-and intensity-dependent, but not site-dependent processes originating from standardized palpation of the masseter muscle. Furthermore, since NRS scores of perceived pain and unpleasantness were time-, intensity-and site-dependent, this observation could indicate that duration, intensity and test site of palpation stimuli for masseter muscle is associated with muscle pain diagnosis related to referred pain in the orofacial area.
